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Inmaculada; 
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AB The principal alpha subunit of ***voltage*»* - ***gated*** 
•••sodium*** ♦♦♦channels*** is associated with auxiliary beta 
subunits that modify channel function and mediate protein-protein 
interactions. We have identified a new beta subunit termed beta4. Like 
thebetal- *"beta3*** subunits, beta* contains a cleaved signal 
sequence, an extracellular Ig-like fold, a transmembrane segment, and a 
short intracellular C-tentiinal tail. Using TaqMan reverse 
transcription-PCR analysis, in situ hybridization, and 
immunocywehemistry, w« show that beta.4 is widely distributed in. 
neurons 

in the brain, spinal cord, and some sensory neurons.beta4 is most similar 
to the beta2 subunit (35% identity), and, like Uiebeta2 subunit, the 
Ig-like fold of beta4 contains an unpaired cysteine that may interact with 
the alpha subunit. Under nonreducing conditions, beta4 has a molecular 
mass exceeding 250 kDa because of its covalent linkage to Navl .2a, 
whereas 

on reduction, it migrates with a molecular mass of 38 kDa, similar to 

the 

mature glycosylated forms of the other beta subunits. Coexpression of 
beta4 with brain Navl. 2a and skeletal muscle Navl .4 alpha subunits in 
tsA-201 cells resulted in a negative shift in the voltage dependence of 
channel activation, which overrode the opposite effects of beta 1 and 
***beta3*** subunits when they were present. This novel, 
disul fide-linked beta subunit is likely to affect both protein-protein 
interactions and physiological function of multiple sodium channel alpha 
subunits. 

1A ANSWER 2 OF 29 MEDLINE on STN DUPLICATE 2 

ACCESSION NUMBER: 2003461549 IN-PROCESS 
DOCUMENT NUMBER: 22885672 PubMed ID; 14522002 
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AB Multiple **• voltage*** - •♦♦gated*** *"sodium"* 

♦♦♦channels"* are the primary mediators of cell excitability. They 

are 

multimcrs that consist of the pore-forming alpha subunit and auxiliary 
beta subunits. Although ion permeability and voltage sensing are 
primarily determined by (he alpha subunit, beta subunits are important 
nwdulators of sodium cnawrel function. The p-urpose of this study was 

to 

assess the effect of axolomy on the expression of beta subunits (beta(l), 
beta(2)and *"beta*** ( *«3*»* )) and coexpression of Na(v) 1. 3 
and 

•••beta*** ( ***3+*» ) subunits in the dorsal root ganglion (DRG). 

We 

used sciatic nerve transection models or spared nerve injury (SNI) 
models 

in the rat. In reverse transcriptase-polymerase chain reaction analysis, 
there were no significant differences between contralateral and 
ipsi lateral DRGs of beta(l) and beta(2) mRNA 3 days after axotomy. 
♦♦♦beta*" ( •••3*** ) mRNA expression in ipsilateral DRGs 
increased 

significantly compared with contralateral DRGs 3 days after axotomy. 

In 

in situ hybridization histochemistry, betafl) mRNA was predominantly 
expressed in medium- to large-size neurons, whereas beta(2) mRNA 

expressed in small- to large-size neurons. There were no significant 
differences in beta(l ) and beta(2) mRNA between contralateral and 
ipsilateral DRGs 3 days after axotomy. In contrast, ***beta"* ( 
•**3* + * ) mRNA was mainly expressed in small neurons and 
occasionally in 

medium- to large-size neurons, and ***beta*** ( •*«3«»* ) mRNA 
expression in small c-type neurons in ipsilateral DRGs was increased 
significantly compared with contralateral DRGs. We examined 
•♦•beta*" 

( ***3*" ) mRNA expression with one of alpha subunits, Nafy)1.3-ir, 

in 

DRG neurons after axotomy using the double labeling method. We 
found a 

high percentage of coexpression in injured DRG neurons: 83.6+/-2.8% 

of 

neurons expressing •♦♦beta*" ( «*3"* ) mRNA were labeled for 
Na(v)I.3-in 70.1+/-3.I%ofNa(v)t.3-irneurons expressed 
♦••beta*** ( 

••♦3*** )mRNA. We also examined the expression of *"beta*** 

( 

***3*** ) mRNA in DRG neurons in the SNI model, a neuropathic 
pain model. 

We used activating transcription factor 3 to identify axotomized 
neurons, 

and found that **+beta*** ( ***3*** ) mRNA up-regulation 
occurred 

mainly in axotomized neurons in the neuropathic pain model. These 
data 

strongly suggest that ♦♦♦beta*** ( "*3*** ) expression in injured 
DRG neurons following axotomy might be an important 
pathomechanism of 

post-nerve injury pain in primary sensory neurons. 
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AB A review. In order to understand the effects of Na+ channels on 
synaptic 

signaling and response in the cerebellum, it is essential to know for eacl 
class of neuron which Na-H channel isoformsare present, and the 
properties 

and distribution of each. Na+ channels are heteromultimeric membrane 
proteins, consisting of a large .alpha, subunit that forms the pore, and 
one or more .beta, subunits. Ten genes encode an .alpha, subunit in 
mammals, and of these, 4 are expressed in the cerebellum: NaVl .1, 
NaV1.2, 

NaV1.3, and NaV1.6. Three genes encode .beta, subunits 
fNa.beta.1-3), and 

all 3 are expressed in the cerebellum. However, NaVl .3 and Na. 
•••beta*** . *"3*** have been found only in the developing 

cerebellum. All Na+ channels recorded in the cerebellum are 
TTX-sensitive 

with similar kinetics, making it difficult to identify the isoforms elec. 
Thus, most of the expression studies have relied on techniques that 
allow 

visualization of Na+ channel subtypes at the level of mRNA and 
protein. 

In situ hybridization and immunolocalization studies have demonstrated 
that granule cells predominantly express NaV 1 2, NaVl .6, Na.beta.1, 
and 

Na.beta.2. Protein forNaV1.2 and NaV1.6 is localized primarilyin 
granule cell parallel fibers. Purkinje cells express NaV 1 .1, NaVl .6, 
Na.beta. 1 , and Na.beta.2. The somatc-dendritic localization of NaVl . 1 
and 

NaVl.6 in Purkinje cells suggests that these isoforms are involved in the 
integration of synaptic input. Deep cerebellar nuclei neurons express 
NaVl.l and NaVl .6 as well as Na.beta. 1, Bergmann glia express 
NaVl. 6, but 

not granule cell layer astrocytes. Some Na+ channel isoforms that are 

not 

expressed normally in the adult cerebellum are expressed in animals 
with 

mutations or disease. Etectrophysiol. studies suggest that NaV1.6 is 
responsible for spontaneous firing and bursting features in Purkinje 
cells, but the specialized functions of the other subunits in the 
cerebellum remain unknown. 
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AB WO 200264749 A UPAB: 200311 17 

NOVELTY - A collection of lines at least S transgenic animals having a 

transgene compri sing: 



(a) a sequence coding for a selectable or delectable marker protein, 
or for an activator or repressor of expression of a second nucleotide 
sequence encoding a detectable/selectable marker and 

(b) regulatory sequences of a characterizing gene corresponding to 

endogenous gene or ortholog (the transgene is at a site in the genome 
other than where the endogenous gene is located). 

DETAILED DESCRIPTION - A collection of lines at least 5 
transgenic 

animals having a transgene comprising: 

(a) a sequence coding for a selectable or detectable marker protein, 
or for an activator or represser of expression of a second nucleotide 
sequence encoding a detectable/selectable marker; and 

(b) regulatory sequences of a characterizing gene corresponding to 

endogenous gene or ortholog (the transgene is at a site in the genome 
other than where the endogenous gene is located). 

The regulatory sequences are opcrably linked to the first nucleotide 
sequence which is expressed in the transgenic animal in a similar pattern 
to that of the endogenous gene in a comparable non-transgenic animal 

or 

its anatomical region (the characterizing gene is different for each of 
the transgenic animals). 

INDEPENDENT CLAIMS are also included for: 

(1) a method of making a collection of lines of transgenic animals, 
comprising: 

(a) introducing into the genome of a founder animal the above 
transgene; 

(b) breeding the founder animal to produce a line of transgenic 
animals; and 

(c) repeating steps (a) and (b) four or more times, each time with a 
different characterizing gene to generate four or more additional lines of 
transgenic animals, to generate a collection of lines of transgenic 
animals; 

(2) a collection of vectors for making transgenic animals, which 
comprises 5 or more of vectors comprising the above transgene; 

(3) a method of making a collection of vectors for making transgenic 
animals, comprising: 

(a) constructing a vector comprising the transgene; and 

(b) repeating step (a) four more times (each lime step (a) is 
repeated a different characterizing gene is used to generate a collection 
of vectors for making transgenic animals); 

(4) a transgenic animal comprising 2 or more of the above 
transgenes; 

(5) a method of isolatinga collection of pure populations of cells 
having at least 2 different populations of cells, comprising isolating 
from 3 or more transgenic animals from the collection of transgenic 
animals, the cells expressing the selectable or detectable marker from 
cells not expressing the selectable or detectable marker, 

(6) a collection of pure populations of cells isolated from the 
transgenic animals of the above collection (ells express the detectable or 
selectable marker and each of the pure populations is isolated from a 
transgenic animal having a different characterizing gene); and 

(7) methods of screening a candidate molecule for an effect on one 

more cell types, comprising: 

(a) contacting the molecule to cells from each pure population of 
eel Is in the collection ; and 

(b) detecting a change in cells from each of the pure population in 
response to the step of contacting (detecting a change in cells in 
response to contacting indicates that the candidate molecule has an 

effect 

on one or more of the cell types); or 

(c) administering the candidate molecule to a transgenic animal from 
each line of the collection; 

(d) isolating a pure population of cells from each of the transgenic 
animals that express the first nucleotide sequence from the cells that do 
not express the sequence; and 

(e) detecting a change in the pure populations of cells from the 
transgenic animals administered the candidate molecule in comparison 

those are not administered the candidate molecule (detecting a change 

the cells in response to the step of contacting indicates that the 
molecule has an effect on one or more of the cell types). 

USE - The transgenic animal lines are useful for identifying or 
isolating pure populations of particular classes of cells which may be 
used for pharmacological, behavioral, electrophysiological, gene 
expression, drug discovery, or target validation assays. The methods 
and 

vectors are useful for producing the transgenic animal lines. 
Dwg.0/3 
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AB A method and kit for detecting endocrine-disrupting chems. using 
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microarrays are claimed. The method comprises prepg. a nucleic acid 
sample contg. mRNAs or cDNAs originating in cells, tissues, or 
organisms 

which have been brought into contact with a sample contg, the 
endocrine 

disruptor. The nucleic acid sample is hybridized with DNA microarrays 
having genes affected by the endocrine disruptor or DNA fragments 
originating in these genes have been fixed. The results obtained are 
then 

compared with the results obtained with the control sample to select the 
gene affected by the endocrine disruptor. Genes whose expression is 
altered by tri-Bu tin, 4-octaphenol, 4-nonyIphenoI, di-N-Bu phthalate, 
dichlorohexyl phthalate, octachlorostyrene, benzophenone, diethylhexyl 
phthalate, diethylstilbestrol (DES), and 17-.beta. estradiol (E2), were 
found in mice by DNA chip anal. 
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AB ***Voltage*** - ***gated*** ***sodium*** 
♦♦♦channels*" 

consist of a pore-forming alpha sub-unit and two auxiliary beta subunits. 
Excitable cells express multiple alpha subtypes, designated 
Na(v)l. 1-Na(v)l .9, and three beta subunits, designated betal , beta2 and 
***beta3"* . Understanding how the different alpha subtypes, in 
combination with the various beta subunits, determine sodium channel 
behavior is important for elucidating (he molecular basis of sodium 
channel functional diversity. In this study, we used whole-cell 
electrophysiological recording to examine the properties of the human 
Na(v)l .3 alpha subtype, stably expressed in Chinese hamster ovary 
cells, 

and to investigate modulation of Na(v)1.3 function by betal, beta2 and 
♦♦♦beta3*** subunits. In the absence of beta subunits, human 
Na(v)1.3 

formed channels that inactivated rapidly (tau(inactivation) 
approximately 

equals 0.5 ms at 0 mV) and almost completely by the end of 
190-ms-long 

depolarizations. Using an intracellular solution with aspartate as the 
main anion, the midpoint for channel activation was approximately - 1 2 
mV. 

The midpoint for inactivation, determined using 1 00-ms conditioning 
pulses, was approximately -47 mV. The time constant for reprinting of 
inactivated channels at -80 mV was approximately 6 ms. Coexpression 

of 

betal or "*beta3*" did not affect inactivation time course or the 
voltage dependence of activation, but shifted the inactivation curve 
approximately 10 mV negative, and slowed the reprinting rate ca. 
three-fold. beta2 did not affect channel properties, either by itself or 
in combination with betal or ♦♦*beta3*** . Na(v)1.3 expression is 
increased in damaged nociceptive peripheral afferents. This change in 
channel expression levets is correlated with the emergence of a rapidly 
inactivating and rapidly reprinting sodium current, which has been 
proposed 

to contribute to the pathophysiology of neuropathic pain. The results of 
this study support the hypothesis that Na(v)l .3 may mediate this fast 
sodium current. 
Copyright 2002 IBRO 
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AB ***VoItage*** - "'gated*** ***sodium*** 
•"channels*** are 

composed of a pore forming alpha subunit and one or two auxiliary beta 
subunits (beta l.beta 2, ***beta*** ***3«* , or beta I A) that 
modulate the ion conducting properties of the channel as well as 
channel 

density in the plasma membrane. Sodium channel beta subunits are alsr 
cell adhesion molecules of the immunoglobulin superfamtly. beta 1, bet 
lA,and "'beta*** "*3»" subunits are non-covalently 
associated 

with alpha, while beta 2 subunits are disulfide linked to the alpha 
subunit. Using site directed mutagenesis, we individually mutated each 

of 

the cysteine residues in beta 2 to alanine (with exception to those 
comprising the immunoglobulin loop) and examined their role in 
disulfide 

linkage to Navl .2 alpha subunits. Examination of mutant beta 2 
association with Navl. 2 was conducted using acombination of 
immunoprecipitations from stably transfected 1610 Chinese hamster 
lung 

cell lines, two microelectrode voltage clamp in oocytes, as well as cell 
surface saxitoxin binding. 
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AB There is increasing evidence that nerve growth factor (NGF) is an 
autocrine differentiation factor for anterior pituitary lactotropes. 
Because the secretory activity of these cells is under the control of 
spontaneous Ca2+ and Na+ action potentials, we are studying the 
effects of 

NGF on the function and expression of lactotrope ion channels. Here, 

report that this growth factor promotes the expression of voltage-gated 
Na+ channels in the lactoscmatotrope cell line GH3, which is known to 

be 

committed by NGF to acquire a lactotrope-like phenotype. Total RNA 
was 

isolated from control GH3 cells and cells that were exposed to 
exogenous 

NGF (50 ng/ml) for 3-4 days. RNA samples were then subjected to 
semi-quantitative RT-PCR using primers specific for mRNAs encoding 
Na+ 

channel subunits. NGF treatment induced 70-100% elevations in the 
mRNAs 

for Navl 2 and Navl,3 without altering transcript levels for Navl.l , 
Navl. 6, betal and ***beta3*** subunits. Significant levels of bela2 
mRNA could not be detected in control or NGF-treated cells. The 
NGF-induced upregulation of Navl .2 and Navl .3 mRNAs was 

accompanied by a 

2-fold increase in whole-cell Na+ current density, as revealed by 
patch-clamp experiments. Finally, when NGF was applied in 

combination 

with 1 .0 M nimodipine (a blocker of L-type Ca2+ channels), the 
mRNAs for 

Navl .2 and Navl .3 decreased to a low level that was not significantly 
different of that observed in cells that were treated with nimodipine 
alone. Thus, in response to NGF, GH3 cells exhibit an increased 
expression of two different Na+ channel isofbrms, and the activation of 



L-type Ca2+ channels is required for this response. 

L4 ANSWER 10 OF 29 BIOSIS COPYRIGHT 2003 BIOLOGICAL 

ABSTRACTS INC. on STN 

ACCESSION NUMBER: 2003:268469 BIOSIS 

DOCUMENT NUMBER: PREV200300268469 

TITLE: EXPRESSION OF AUXILIARY SUBUN1TS OF 
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[Reprint Author] 
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SOURCE: Society for Neuroscience Abstract Viewer and Itinerary 
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Conference; Abstract; (Meeting Abstract) 
LANGUAGE: English 
ENTRY DATE: Entered STN: 1 1 Jun 2003 

Last Updated on STN: 1 1 Jun 2003 
AB Multiple ***vo!tage*" - ♦♦*gated»" ♦"sodium*** 

"♦channels*** aretheprimarymedtatorsofcellexcitabilily. They 

are 

multimers that consist of the pore-forming alpha subunit and auxiliary 
beta subunits. Although ion permeability and voltage sensing are 
primarily determined by the alpha subunit, beta subunits are important 
modulators of sodium channel function. The purpose of this study is to 
assess the expression of the auxiliary beta subunits (betal, beta2 and 
"*beta3*** ) in DRG neuron and the effect of peripheral axotomy. 
Male 

SD rats (250-300 g) received an unilateral sciatic nerve transection and 
were sacrificed three or seven days after axotomy. In RT-PCR analysis, 
there were no significant differences between contralateral and 
ipsilateral DRGs of betal and beta2 mRNAs three days after axotomy. 
♦ * *beta3 ♦ * • mRNA expression in ipsilateral DRGs increased 
significantly 

compared with contralateral DRGs. In in situ hybridization 
histochemistry, betal and beta2 mRNAs werepredomominantly 



inactivation was slow, and, as predicted on this basis, Navl ,3 channels 
generated large ramp currents in response to slow depolarizations. 
Coexpression of ***beta3*" subunits had small but significant 
effects 

on the kinetic and voltage-dependent properties of Navl.3 currents in 
HEK 

293 cells, but coexpression of betal and beta2 subunits had little or no 
effect on Navl.3 properties. Navl.3 channels, mutated to be 
tetrodotoxin-resislant (TTX-R), were expressed in SNS-nuIl dorsal root 
ganglion (DRG) neurons via biolistics and were compared with the 



information regarding the nature and properties of ***voltage** 
♦**gated*»* "*sodium*** * "channels*** during 
development. 
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between contralateral and ipsilateral DRGs three or seven days after 
axotomy. In contrast, ***bcta3*** mRNAs was mainly expressed in 
small 

^ neurons and occasionally in large to medium-sized neurons, and we 

that "*beta3*** mRNA expression in small c-typc neurons in 
ipsilateral DRGs was increased significantly compared with 
contralateral. 

There were no significant increase in ***beta3*** mRNA expression 



These data suggest that ***oeta3"* subunit may be more important 
modulators of sodium channel function following axotomy compared 
with 

betal and beta2 subunits. 
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closed-state inactivation display quantitative differences 
after expression in a mammalian cell line and in spinal 
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SD;WaxmanSG 
CORPORATE SOURCE: Department of Neurology and Paralyzed 
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SOURCE: JOURNAL OF NEUROSCIENCE, (2001 Aug 15) 21 
(16) 5952-61. 

Journal code: 8102140. ISSN: 1529-2401. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 
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ENTRY DATE: Entered STN: 200108 13 
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Entered Medline: 20010830 
AB Although rat brain Navl.3 *+*voltage*** - ***gated*** 
"'sodium*** 

* * *channels* * * have been expressed and studied in Xenopus 
oocytes, these 

channels have not been studied after their expression in mammalian 
cells. 

We characterized the properties of the rat brain Navl.3 sodium 
channels 

expressed in human embryonic kidney (HEK) 293 cells. Navl.3 
channels 

generated fast-activating and fast-inactivating currents. Recovery from 
^■Motivation was relatively rapid at negative potentials (<-S0 mV) but 

slow at more positive potentials. Development of closed-state 



:ct expressed in HEK. 293 cells. The voltage dependence of 
steady-state inactivation was approximately 7 mV more depolarized in 
SNS-null DRG neurons, demonstrating the importance of background 
cell type 

in determining physiological properties. Moreover, consistent with the 
idea that cellular factors can modulate the properties of Navl .3, the 
reprinu'ng kinetics were twofold faster in the neurons than in the HEK 
293 

cells. The rapid repriming of Navl.3 suggests that it contributes to the 
acceleration of repriming of TTX-sensitive (TTX-S) sodium currents 
that 

are seen after peripheral axotomy of DRG neurons. The relatively rapid 
recovery from inactivation and the slow closed-state inactivation 
kinetics 

of Nav],3 channels suggest that neurons expressing Navl. 3 may exhibit 

reduced threshold and/or a relatively high frequency of firing. 
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Cambridge 
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SOURCE: JOURNAL OF PHYSIOLOGY, (2001 Aug 1) 534 (Pt 
3) 763-76. 

Journal code: 0266262. ISSN: 0022-3751. 
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LANGUAGE: English 
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AB 1. We have compared the mRNA distribution of sodium channel 
alpha 

subunits known to be expressed during development with the known 
auxiliary 

subunits Nabetal . 1 and Nabeta2. 1 and the novel, recently cloned 
subunit, 

^ *"beta3"* .2. In situ hybridisation studies demonstrated high 

of Navl.2, Navl .3, Navl.6 and "*bcta3*" mRNA at embryonic 

whilst Nabetal . 1 and Nabeta2. 1 mRNA was absent throughout this 
period. 3. 

Nabetal. 1 and Nabeta2.1 expression occurred after postnatal day 3 

(P3), ^ 

increasing steadily in most brain regions until adulthood. ••♦beta3 + ** 
expression differentially decreased after P3 in certain areas but remained 
high in the hippocampus and striatum. 4. Emulsion-dipped slides 

showed 

co-localisation of ***beta3*** with Navl .3 mRNA in areas of the 
CNS 

suggesting that these subunits may be capable of functional interaction. 
5. Co-expression in Xenopus oocytes revealed that ***beta3*** 

modify the properties of Navl.3; ***beta3*" changed the 
equilibrium 

of Navl .3 between the fast and slow gating modes and caused a 
negative 

shift in the voltage dependence of activation and inactivation. 6. In 
conclusion, ***beta3*« is shown to be the predominant beta 
subunit 

expressed during development and is capable of modulating the kinetic 
properties of the embryonic Navl.3 subunit These findings provide 
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TITLE: Tissue distribution and functional expression of the human 

•♦♦voltage*** - ***gated*** •••sodium*** 

"♦channel*** ***beta3*** subunit. 
AUTHOR: Stevens E B; Cox P J; Shah B S; Dixon A K; 
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Pinnock RD; LeeK 
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Cambridge 

University, UK. 
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AB This study investigated the distribution of •**beta3"* inhuman 
tissues and the functional effects of the human ***beta3'** subunit 

on 

the gating properties of brain and skeletal muscle alpha subunits. Using 
RT-PCR of human cDNA panels, ***beta3*»* message was 
detected in 

brain, heart, kidney, lung, pancreas and skeletal muscle. Both alphaUA 
and SkMI expressed in Xenopus oocytes inactivated with a time course 
described by two exponential components representing fast and slow 
gating 

modes, while co-expression of human "*beta3*" with alnhallA or 
SkMI 

significantly increased the proportion of channels operating by the fast 
gating mode. In the presence of ***beta3*** a greater proportion of 
alphaUA or SkMI current was described by the fast time constant for 
both 

inactivation and recovery from inactivation. •••betaS*" caused a 
hyperpolarizing shift in the voltage dependence of inactivation of 
alphalUA and reduced the slope factor. The voltage dependence of 
inactivation of SkMI was described by a double Boltzmann equation. 
However, SkMI co-expressed with *"beta3*" was described by a 
single 

Boltzmann equation similar to one of the Boltzmann components for 
SkMI 

expressed alone, with a small positive shift in Vl/2 value and reduced 
stopefactor. This is me first study demonstrating that •"beta3*" 
is expressed in adult mammalian skeletal muscle and can functionally 
couple to the skeletal muscle alpha subunit, SkM 1. 
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AB •♦♦Voltage"* - •♦♦gated*** ***sodium*** 
♦♦•channels*** 

comprise a large pore-forming alpha-subunit that may be associated 
with 

one or two of the three known auxiliary beta-subunits (betal, beta2 and 
***beta3*** ). The beta-subimits modulate the voltage-dependence 

and 

kinetic properties of the atpha-subunits with which they 

are 

believed to facilitate localisation of the channel to specific membranes. 
Differential expression of distinct sodium channel alpha-subunit and 
beta-subunit subtypes contributes to the distinct electrophysiologica] 
characteristics of different neuronal membranes. We show that the 
"*beta3*** -subunit is expressed in human DRG. Co-expression of 

the 

human "*beta3*'* -subunit with the human SNS/Navl. 8 
alpha-subunit in 

Xenopus oocytes gives approximately a 2.5 fold increase in peak 
current 

amplitude. Co-expression of SNS alpha and "*beta3*** in 



mammalian 

cells gives approximately a 6-fold increase in peak current amplitude 
and 

a 5 mV negative shift in the voltage-dependence of channel activation. 
"*beta3*" -mediated up-regulation of SNS currents may contribute 

to 

increased excitability in DRG neurons. We have generated and 
characterised stable cell tines expressing SNS alpha alone, 
***beta3*" 

alone and co-expressing the SNS alpha* ***beta3*** subunits. 
These 

cell lines (along with stable cell lines expressing betal and beta2) have 
been used to validate betal,beta2 and *"beta3*** -subunit-specific 
affinity purified rabbit antibodies. 
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AB In the present study we have used in situ hybridization to examine the 
changes in mRNA expression of the '"voltage*** * "gated*** 
"♦sodium*** "'channel*** subunits betal and ***beta3*" , 
which 

occur in response to streptozocin induced diabetic neuropathy. Under 
control conditions betal mRNA was detected throughout the spinal 
cord and 

in large dorsal root ganglion (DRG) Abeta fibres whilst +**beta3"* 
mRNA was expressed exclusively in the layers Mil and X of the spinal 
cord 

and in small DRG c-fibres. Following streptozocin treatment, the 
expression of betal mRNA remained unchanged in both the spinal cord 

DRG whilst ***bcta3*** message was significantly increased in both 

the 

spinal cord and in medium diameter Adclta type DRG neurones. In 
conclusion, the present study illustrates that (he development of the 
neuropathic pain state is associated with distinct changes in the partem 
of ♦"beta3*" subunit expression and that these changes appear to 

be 

specific to the neuropathic pain state induced. 
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PRIORITY APPLN. INFO: US 1999-129473P 19990415 
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AB WO 200063367 A UPAB: 20001209 

NOVELTY - Nucleic acid (I) encoding a ***beta*" *"3*** 
subunit 

from a '"voltage*" - '"gated*** +**sodium*" 
•"channel*" 

{VGNaC), or its complement, is new, 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also 
included for the 
following: 

(1) a polynucleotide (II) comprising at least lOconsecutive 
nucleotides of a nucleic acid encoding a •"beta*" ***3*»» 
subunit of a VGNaC; 

(2) amplificationofa *"beta*" **+3*" subunit nucleic 
acid comprising contacting a test sample (TS) with amplification 

reaction 

reagents comprising a pair of primers which hybridize to (I) or (H), and 
optionally detecting the amplification products; 

(3) a kit for the amplification of a "*beta"* "*3"* 
subunit nucleotide sequence comprising a pair of primers which 

hybridize 

to (I) or (II), and optionally, amplification reagents; 

(4) detecting (I) or (H) comprising contacting a TS with a probe or 
probes that hybridize under stringent conditions to (I) or (If), and 
detecting hybrid complex formation; 

(5) a kit for detecting (I) or (H) comprising a probe or probes that 
hybridize under stringent conditions to (I) or (H), and (optionally) 
hybridization reagents; 

(6) a recombinant vector comprising a nucleic acid as in (Q or (H); 

(7) a recombinant host cell comprising a nucleic acid as in f D or 

{"); 

(8) producing a polypeptide encoded by (0 or (H) comprising 
culturing a host cell as in (8), harvesting the culture medium or lyzing 
the host cell, and separating or purifying the protein from the medium of 
the tysate; 

(9) a polypeptide comprising at least a fragment of the amino acid 
sequence of the *"beta+" ***3*" subunit from a VGNaC; 

(10) a polypeptide comprising a sequence with at least 90 % identity 
to at least a fragment of 1 of 2 sequences ((aal) or (aa2)) of 21 5 amino 
acids (aa), given in the specification; 

(1 1) a polypeptide encoded by (I) or (H); 

(12) apolypeptidecomprisinga 1 of 30 sequences of 5-159 aa, 

in the specification; 

(13) screening for ligand substances or molecules that modulate the 
biological activity of a VGNaC containing a "'beta*** "*3*+* 
subunit comprising: 

(a) contacting a recombinant host cell co-expressing at least a 
fragment of a "*beta"« ♦"3**« subunit and at least a fragment 

^of afunctional alpha subunit (preferably an alpha 2 subunit) of a 

with a TS; and 

(b) measuring an electrical parameter within the host cell by a 
voltage clamp technique or measurement of membrane potential by 

sensitive fluorescent dyes; and 

(14) screening ligand substances or molecules that are able to 
modulate the biological activity of a VGNaC containing a *"beta**+ 

"*3*" subunit comprising: 

(a) contacting the ligand with at least a fragment of a "*bcta*" 
*"3*" subunit; 

(b) contacting the medium the ligand and •••beta*** *"3"* 
subunit containing medium with a "'beta*** "*3*** substrate; 

and 

(c) measuring the eventual binding of the substrate to the 
•••beta*** "*3"* protein (fragment). 

ACTIVITY - Analgesic; anticonvulsant; cerebroprotective; 
vasotropic; 

cardiant; nootropic; cytostatic; dermatological. 

MECHANISM OF ACTION - Gene therapy. 

USE - The methods are useful for screening for agonists and 
antagonists of sodium channels. The agonists, antagonists, proteins and 
nucleic acids may be used diagnosing of treating diseases or conditions 
associated with VGNaCs. e.g. pain, epilepsy, stroke, ischemia, heart 
disease, Jacobsen Syndrome, Familial Nonchromaffin Paraganglioma, 
Phenylketonuria due to PTS deficiency and Charcot Marie Tooth 
disease. 
Dwg.0/7 
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AB Adult dorsal root ganglia (DRG) have been shown to express a wide 
range of 

•"voltage"* - •••gated*" •••sodium*** ***channel"* 

alpha-subunits. However, of the auxiliary subunits, betal is expressed 
preferentially in only large- and medium-diameter neurons of the DRG 
while 

beta2 is absent in all DRG cells. In view of this, we have compared the 
distribution of betal in rat DRG and spinal cord with a novel, recently 
cloned betal-like subunit, ***beta3*** . In situ hybridization studies 
demonstrated high levels of *"beta3*** mRNA in small-diameter 
c-fibres, while betal mRNA was virtually absent in these cell types but 
was expressed in 100% of large-diameter neurons. In the spinal cord, 
*"beta3"* transcript was present specifically in layers I/II 
(substantia gelatinosa) and layer X, while betal mRNA was expressed 
in all 

laminae throughout the grey matter. Since the pattern of ***beta3»" 

expression in DRG appears to correlate with the TTX-resistant 
♦"voltage*" - *"gated"* •••sodium*** ***channel'" 

subunit 

PN3, we co-expressed the two subunits in Xenopus oocytes. In this 
system, 

-**beta3***^ caused a 5-mV hyperpolarizing shift in the threshold of 
>..... '™» • ■■ se in the peak current 



activation of PN3, and a threefold in 



when compared with PN3 expressed alone. On the basis of these 
results, we 

examined the expression of beta-subunits in the chronic constriction 
injury model of neuropathic pain. Results revealed a significant increase 
in *"beta3*" mRNA expression in small-diameter sensory neurons 

the ipsilateral DRG. These results show that *"beta3"* is the 
dominant auxiliary sodium channel subunit in small-diameter neurons o 

the 

rat DRG and that it is significantly upregulated in a model of 
neuropathic 
pain. 
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AB Voltage-gated neuronal Na+ channels consist of a pore-forming alpha 
subunit associated with auxiliary beta subunits (e.g., betal, beta2, and 
***beta3"* subunits) that alter channel function. "*beta3*** is 



newly discovered beta subunit most closely related to betal. To 
examine 

the functional consequences of beta subunit ^expression, we 
cotransfected 

tsA-201 cells with rat brain type IIA Na+ channel alpha subunits alone, 
with one of the beta subunits, or with the combinations betal + beta2 or 
beta2 + ***beta3*** . Transfection of each beta subunit or beta pair 



with the alpha subunit caused depolarizing shifts in the voltage 
dependenceofbothactivationandinactivation. The **»beta3"* or 
beta2+ "*bcta3*" caused the largest shifts (apprx+12 mV). 
Cotransfection of betal , beta2 or betal + beta2 with alpha did nt 



ange 

the rate of current inactivation during pulses to positive potentials and 
there was little non-inactivating current. Li contrast, cotransfection of 
"*beta3"* orbeta2+ *"beta3*" with alpha caused slowed 
inactivation of current during depolarizations and inactivation was less 



voltage-dependence in tsA-201 cells differed from their effects in 

oocytes or Chinese Hamster ovary cells where beta subunit expression 
causes negative shifts in voltage dependent parameters. Thus, cellular 
environment is critical for determining channel properties and their 
modulation by beta subunits. The *"beta3"* subunit has the 
additional and novel effect of favoring sustained, non-inactivating Na+ 
current. Such sustained Na+ current is proposed to play important 
neurophysiological roles. Our data identify the specific complement of 
beta subunits as being a key factor affecting Na+ channel phenotype, 
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AB We have cloned a novel auxiliary "*beta3*** subunit of 
^ "*voltage»" - "*gated*** ♦♦♦sodium"* "•channels*" 

rat dorsal root ganglion library. The predicted protein is structurally 
^ related to the previously cloned betal and beta2 subunits and also 

50% sequence homology with the betal subunit In situ hybridization 
analysis in sections of human, monkey and rat brain shows that this gem 
is highly expressed in CA layers of hippocampus, in the subiculum and 

cerebellar Purkinje cells. In the cortex, expression is heaviest in 
layers I-II with lower levels in layers IV-VI. Low levels of expression 
are found in the striatum. In the spinal cord, the *"beta3"* 



in nociceptive processing (laminae I-II, V and around the central canal) 
but not in motor neurons. In the peripheral nervous system, 
"*beta3*»* 

subunit is also detected in neuronal populations involved in nociception 
There is widespread expression of "*beta3"* subunit in 
sympathetic 

neurons of the superior cervical ganglion. In sensory neurons of the 
dorsal root ganglion, expression is restricted to neurons of both small 
^ and medium size, whereas large proprioceptive neurons do not express 

*"beta3*** subunit. These results, as well as electrophysiological 
evidence (Y. Qu,R. Westenbroek, T. Scheuer, R. Curtis and W.A, 
Cattcral 1, presented at this meeting), suggest that ♦* *beta3 * * * 
subunit may modulate sodium currents in neurons involved in 
nociceptive 

pathways. We are currently investigating the regulation of this gene in 
different models of inflammatory and neuropathic pain. 
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AB Rat brain •♦•voltage*** ♦"gated*** '"sodium*" 

* • *channels** * are composed of a pore-forming alpha subunit and 

auxiliary subunits, betal and beta2. Recently we have identified a nove! 
beta subunit, "*beta3"* .which is related to betal exhibiting 50% 
homology. We have examined the distribution of betal and 



"*bcta3*** 

in tat DRG and spinal cord by in situ hybridisation following the chronic 
constriction injury (CCI) and streptozocin (STZ) (diabetic neuropathy) 
models of neuropathic pain. CCI was performed on the ipsilateral 
sciatic 

nerve. Diabetes was induced in rats by an i.p. injection of streptozocin 
(5Qmg/kg). In situ hybridisation was carried out on dorsal root 
ganglion 

(DRG) and spinal cord slices and quantification performed on an MCID 
image 

analyser. Following CCI surgery, betal mRNA expression showed no 
change 

in DRG or spinal cord. In contrast ♦**beta3"* mRNA significantly 
increased (p<0.005) in ipsilateral small sensory c-fibres of the DRG 
compared to the contralateral side. Following STZ treatment, betal 
message appeared unchanged in any cell types examined whilst 
"*beta3"* 

mRNA expression increased significantly (jxO.05) in medium diameter 
Adelta 

fibres in treated DRGs in comparison toshamcontrols. * ♦ ♦ beta3 ♦ 4 * 
mRNA also significantly increased (p<0.05) in layers Ull (substantia 
gelatinosa)of the spinal cord of STZ treated animals compared to 
shams. 

Inconclusion, * • *beta3* * * message i s di fferenti ally upregulated in 
sensory neurones in the CCI and STZ models of neuropathic pain 
highlighting the different mechanisms that may occur in these models. 



